Introduction
Endogenous hyperinsulinemic hypoglycemia is characterized by low blood glucose concentration due to excessive endogenous insulin secretion. Insulinoma is the most common cause of endogenous hyperinsulinemic hypoglycemia. Insulin autoimmune syndrome (IAS) is a rare cause of endogenous hyperinsulinemic hypoglycemia. IAS is also known as Hirata's disease, because it was first reported by Hirata et al. [1] in 1970. IAS is characterized by hypoglycemia, high serum insulin concentration, and the presence of autoantibodies to insulin or insulin receptor.
IAS has been reported to be associated with several factors including human leukocyte antigen (HLA) typing [2] and drugs containing a sulfhydryl group such as methimazole and α -lipoic acid [3, 4] . Anti-tuberculosis drugs, which do not contain a sulfhydryl group, have only rarely been associated with IAS [5] [6] [7] . In this report, we present a rare case of hypoglycemia caused by IAS after anti-tuberculosis treatment.
Case
A 65-year-old man presented to the emergency department with dysarthria and general weakness. He had pulmonary tuberculosis and had anti-tuberculosis treatment 30 years ago.
He was diagnosed with colon cancer and underwent anterior resection 4 months ago, followed by adjuvant chemotherapy (oxaliplatin and 5-fluorouracil). At that time, an acid-fast bacillus (AFB) smear of his sputum was positive, and he started to take isoniazid, ethambutol, rifampin, and pyrazinamide. After Insulin autoimmune syndrome, a rare cause of endogenous hyperinsulinemic hypoglycemia, is characterized by insulin autoantibody, hyperinsulinemia and fasting hypoglycemia. It is well known that drugs containing a sulfhydryl group such as methimazole or α-mercaptopropionyl glycine can induce insulin autoimmune syndrome. However, insulin autoimmune syndrome caused by anti-tuberculosis treatment is very rare. We report a case of insulin autoimmune syndrome after anti-tuberculosis treatment with a review of the relevant literature. To rule out insulinoma, abdominal computed tomography and endoscopic ultrasonography were performed, but there was no intra-abdominal mass (Fig. 1) .
The patient was diagnosed with IAS. Anti-tuberculosis treatment was discontinued and daily intravenous administration of 60 mg of methylprednisolone was started. After 5 days of intravenous methylprednisolone administration, the patient no longer had hypoglycemic events. After gradually tapering the methylprednisolone, the patient was discharged on 40 mg prednisolone daily. Subsequently, the prednisolone was gradually tapered and stopped. The patient's symptom was relieved, and there was no relapse of hypoglycemia. The patient is now being followed at an outpatient clinic. The resumption of anti-tuberculosis treatment was not considered, because his AFB smear and culture have been negative after 4 months of previous anti-tuberculosis medication.
Discussion
The prevalence of IAS is very low. From 1970 to 2013, more than 400 cases of IAS have been reported, and most cases have been made in Japan [8, 9] . Over 200 cases of IAS have been reported in Japan since 1970. The prevalence of IAS differs according to ethnic background, and Asian people exhibit a high prevalence [9, 10] . This difference may be associated with the prevalence of HLA DRB1*0406, which is higher in Asians than in Caucasians [2] . As Woo et al. [10] recently reported that 6% of endogenous hyperinsulinemic hypoglycemia was diagnosed with IAS in a tertiary referral center of Korea, the prevalence of IAS in Korea may be higher than previously thought. Improvements in medical technology and diagnostic methods may have contributed to the increase of IAS cases reported because idiopathic endogenous hyperinsulinemic hypoglycemia may be reclassified as IAS. 
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The peak age at onset was 60-69 years, and there was no predilection with respect to sex [9, 11] . IAS often accompanies other autoimmune disorders such as autoimmune thyroid disease and rheumatoid arthritis. Approximately 30% of patients with autoimmune thyroid disease have been reported to have insulin autoantibodies [12] .
Drugs containing a sulfhydryl group such as methimazole or α -mercaptopropionyl glycine have been cited as one of the common causes [3, 4, 9, 11] . These drugs can interact with the disulfide bond of insulin and induce an autoimmune reaction, resulting in the formation of insulin autoantibodies [12, 13] .
However, anti-tuberculosis drugs did not have a sulfhydryl
group. There have been only three case reports of IAS caused by anti-tuberculosis drugs worldwide, occurring mostly in the elderly [5] [6] [7] . Whereas IAS has been reported to develop about 1 month after anti-tuberculosis treatment [5, 6] , it took 4 months in our case. Among several anti-tuberculosis drugs (isoniazid, rifampin, ethambutol, and pyrazinamide), isoniazid was taken in all cases. Therefore, isoniazid is the most likely candidate for causing IAS, but the underlying mechanism of how anti-tuberculosis drugs cause IAS is unclear.
In IAS, hypoglycemia typically occurs during the late postprandial period. However, hypoglycemia can arise during fasting status, which makes it difficult to differentiate IAS from other causes of endogenous hyperinsulinemia. The mechanism by which insulin autoantibodies induce hypoglycemia in patients with IAS remains uncertain. After a meal, insulin is secreted from pancreas, but bound to insulin autoantibodies. Because insulin autoantibodies have a high binding capacity [8, 10] , bioavailable insulin decreases triggering secretion of blizzard of insulin. And then, insulin bound to antibodies dissolved abruptly, resulting in hypoglycemia.
The duration of hypoglycemic attacks is usually short, and spontaneous remission can occur. It was reported that the duration was less than 1 month in 31%-46% of patients with IAS, and 82% of patients recovered spontaneously [8, 14] . In case of drug-induced IAS, hypoglycemia can be reversible when a causal drug is stopped. However, some patients need specific treatment. Frequent small meals, steroid, diazoxide, octreotide, and partial pancreatectomy have been discussed [8] , but no standard treatment was established. In our case, severe hypoglycemia continued after stopping the anti-tuberculosis treatment.
Although the steroid therapy can increase the risk of activating the tuberculosis [15] , steroid therapy was attempted because of the life-threatening hypoglycemia. Fortunately, it resolved the hypoglycemia in our case. Our patient is now monitored routinely, and his tuberculosis has not been reactivated.
